Currently, there are no guidelines for pregnancy management in women with vEDS, and development of standards for care is challenged by the rarity of the condition and the lack of evidence-based risk information. In general, it is recognized that pregnancies in women with vEDS should be considered high risk and be overseen by a maternal-fetal specialist. Published recommendations include strongly discouraging pregnancy 8 or encouraging early delivery via cesarean section with or without use of desmopressin to prevent hemorrhage. 10, 11 However, there are few empirical data to support these recommendations, and it is not clear whether pregnancy avoidance benefits overall survival or reduces the risk of serious health complications.
To investigate the magnitude of and circumstances surrounding maternal mortality and morbidity in women with vEDS, we used two approaches: analysis of retrospective pedigree data, and analysis of data collected during semistructured interviews. This empirically derived risk information provides baseline outcome information with which future interventional studies can be compared and will help to guide the development of consensus guidelines on pregnancy management in women with vEDS.
MAtEriALS And MEtHodS

Study subjects-retrospective pedigree analysis
Parous and nulliparous females were identified in pedigrees of families in which the diagnosis of vEDS was confirmed in one or more individuals by biochemical or genetic testing in the Collagen Diagnostic Laboratory, Department of Pathology, University of Washington between 1976 and 2012. A female was included if she had a confirmed diagnosis or was a female relative of the proband with a complication consistent with vEDS (arterial aneurysm, dissection, or rupture; bowel perforation; or organ rupture). These data include pregnancy information on 81 women who were previously reported. 1, 6 The number of Survival was estimated with the Kaplan-Meier estimator for all female subjects and stratified by parity. Groups were compared using the log-rank (Mantel-Cox) test.
Study subjects-semistructured interview study
We invited 87 women to participate in an interview study through the Collagen Diagnostic Laboratory, Department of Pathology, University of Washington, through family members who had been tested at this laboratory and through a national support organization (Ehlers-Danlos National Foundation). Eligibility criteria included the presence of a mutation in COL3A1 and self-report of at least one pregnancy, inclusive of all pregnancy outcomes. Next of kin were eligible to participate as proxy if the affected woman had died. Thirty-eight women, representing 113 pregnancies and 82 deliveries, enrolled. Of those who did not participate, 40 did not respond to invitations, 2 declined to participate, and 7 were found to be ineligible because they had not been pregnant. A semistructured questionnaire (available on request) was used to systematically collect diagnostic, birth-related, medical, surgical, obstetric, and family-related histories. We reviewed medical records from five individuals. We defined complications of vEDS to include arterial, intestinal, and uterine ruptures, as well as significant complications during cesarean section. "Other complications" encompassed all other reported pregnancy-or delivery-related events: third-or fourth-degree lacerations, wound dehiscence, hemorrhage sufficient to require blood transfusion or prolonged hospitalization, placenta previa and low-lying placenta, placental abruption, and preterm delivery (including preterm premature rupture of membranes). Pregnancy-related complications were considered to be those that occurred during or within 42 days of the end of a pregnancy. This study was 
rESuLtS retrospective pedigree analysis: pregnancy-related death rate
Review of pedigrees identified 526 women of reproductive age with vEDS ( Figure 1 ). Of these, 243 (46%) were nulliparous, of whom 157 (64.6%) were probands. The other 283 (54%), of whom 104 (37.1%) were probands, had had at least one pregnancy. In 616 delivered pregnancies, pregnancy-related deaths were reported for 30 women for a calculated pregnancy-related death rate of 4.9% per delivery. No pregnancy-related deaths were reported for the 27 women (51 pregnancies) with heterozygous null mutations in COL3A1. If those women are removed from the analysis, the pregnancy-related death rate in women with protein-altering mutations is 5.3% per delivery (30 deaths in 256 women with 565 delivered pregnancies). There were 10 pregnancy-related deaths among the 71 women who had been pregnant once, 9 among the 99 who had been pregnant twice, 7 among the 45 who had been pregnant three times, 1 among the 14 who had been pregnant four times, 2 among the 11 who had been pregnant five times, 0 among the 5 who had been pregnant six times, 1 among the five who had been pregnant seven times, and 0 among the three who had been pregnant eight or more times.
retrospective pedigree analysis: impact of pregnancy on overall survival
Comparison of nulliparous and parous females with vEDS showed no significant difference in Kaplan-Meier survival curves (Figure 2) . The nulliparous and parous groups had a similar distribution of mutation types (Figure 3a,b) . Age distribution between the groups was different, with the nulliparous group composed of younger women as compared with the parous group (Figure 3c ). The ratio of nulliparous to parous women across reproductive decades of life was similar in the vEDS study population as compared with the general US Original research article population (Figure 3d) , which suggests that the difference in age distributions in our study groups reflects typical reproductive trends with age. As compared with women who had at least one pregnancy, nulliparous women start to accrue vEDS-related complications, although not deaths, at an earlier age (data not shown). To compare the groups of women not diagnosed as a consequence of complications, we compared the Kaplan-Meier survival curves for the parous and nulliparous relatives in each population (Figure 2b) . Because the nulliparous group is slightly younger, the follow-up is not precisely the same, but the calculated mean age of death is the same in the two groups (53 years).
interview study: pregnancy complications and maternal morbidity
Because the clinical details for pregnancies, mode of delivery, and complications provided at the time of testing were often limited, we enrolled 38 women, representing 113 pregnancies and 82 deliveries, in an interview study. Of all pregnancies in this group, 57% resulted in term deliveries and 14% in preterm deliveries (Figure 4a) . The diagnosis of maternal vEDS was known before conception in 12 pregnancies (10.6%), was established during the course of 3 pregnancies (2.7%), and was established after completion of 98 pregnancies (86.7%). Three women (representing seven pregnancies and six deliveries) had null mutations. Those women were excluded from further analysis because of the attenuated phenotype in women with null mutations. Of note, three pregnancy complications were reported in women with null mutations: one had a preterm delivery, and two had third-or fourth-degree vaginal lacerations. The 35 women with protein-altering mutations in this group represented 76 delivered pregnancies, of which 47 were delivered vaginally (61.8%), 25 were delivered by routine cesarean section (32.9%), and 4 were delivered by emergent cesarean section (5.3%). No complications occurred in 23 of 47 (48.9%) vaginal deliveries and 12 of 25 (48%) cesarean deliveries (Figure 4b) . Nine vEDS complications occurred at term (82%), and 2 complications occurred preterm (18%) (Figure 4c) . Complications of vEDS included arterial dissection or rupture (n = 7, 9.2%), uterine rupture (n = 2, 2.6%), and complications related to cesarean section (n = 2, 2.6%). The five pregnancy-related maternal deaths resulted from arterial dissection or rupture (n = 4) and complications related to dehiscence of a cesarean section incision (n = 1). The vascular complications leading to death were two fatal aortic ruptures during labor at term, one fatal aortic rupture 7 days after uncomplicated term cesarean delivery (for breech presentation), and one fatal iliac artery rupture after a fall at 33 weeks gestation. The fifth death resulted from dehiscence after cesarean section (for maternal vEDS and previous cesarean) at 36 weeks gestation. The nonfatal vEDS-related complications included one antenatal coronary artery dissection at term, a splenic artery dissection 6 days after term vaginal delivery, multiple arterial dissections in one woman 7 days after term vaginal delivery, two uterine ruptures at term (one antepartum, one intrapartum), and one instance of intraoperative bladder and venous tear during cesarean section (for breech presentation). Other complications included preterm delivery (n = 17, 22.4%), thirdor fourth-degree lacerations (n = 16, 21%), hemorrhaging sufficient to require transfusion or extended hospital care (n = 8, 10.5%), placenta previa or low-lying placenta (n = 3, 3.9%), and placental abruption (n = 2, 2.6%). There were too few events to determine whether mode of delivery affected complication risk, with the exception that third-and fourth-degree lacerations were a feature only of vaginal deliveries (Figure 4d) .
diScuSSion
Pregnancy in women with vEDS raises several concerns: the recurrence risk for vEDS, the maternal risk for pregnancyrelated death and morbidity, the maternal or fetal risk with prenatal diagnosis, the influence of the mode of delivery on maternal and fetal mortality, and the benefit of surveillance of the maternal vasculature. At this point, only the first question has been answered-the risk that the child will inherit the mutant allele is 50%. The phenotype of the child depends to some extent on the nature of the mutation and its effect on protein production. 13 A small number of articles have presented primary data that have bearing on the remaining questions and include more than one or two pregnancies. 1, 6, 14 The data from Rudd et al., 1 in which there is probably ascertainment bias, are incorporated into the data provided by Pepin et al. 6 and into the data we have presented in this article. Most of the other publications present single-case reports of complications and then progressively summarize the data from these reports, [3] [4] [5] 7, 8, 11, [15] [16] [17] [18] [19] although some small series are appearing. 9, 20 Inevitably, this leads to a view of vEDS and pregnancy that is neither objective nor encouraging. The major conclusion drawn from these studies is that pregnancy uniquely alters the natural history of women with vEDS and leads to early death. None of the previous studies have considered the necessary control group-women with vEDS who have not been pregnant.
In the retrospective pedigree study, we asked whether pregnancy influences life expectancy for women with vEDS. We took advantage of a unique data set at the Collagen Diagnostic Laboratory, University of Washington, which contained information on 572 families with a diagnosis of vEDS confirmed by protein or genetic studies. We counted the number of reported pregnancies for women with vEDS and determined how many deaths were related to pregnancy. When we used these data to compare the Kaplan-Meier survival curves for women who had been pregnant and those who had not, we were surprised to find that the curves overlapped without significant differences in survival. This finding countered the common lore that pregnancy, per se, reduces life expectancy for women with vEDS and that they should be counseled against becoming pregnant or to terminate pregnancy electively if they do become pregnant (see, e.g., ref. 8). Because these findings were unexpected, we looked at ways that differences between nulliparous and parous groups could influence the outcome, regardless of pregnancy. The nulliparous women were younger (as expected from comparison with the US Census data), the ratio of probands to relatives was higher than for the parous group, and the onset of complications in the nulliparous group was earlier-as might be expected from the excess of probands. To try to control for these variables, we compared the women who had been identified because they were relatives of probands and compared the Kaplan-Meier curves for those who had been pregnant and those who had not been pregnant and found that they were similar. Considering this result, it appears that for women who have not had vEDS-related complications before pregnancy, pregnancy itself does not appear to add further risk of death.
This study expands the population of pregnant women reported by Pepin et al. 6 from 81 to 256. The pregnancy-related death rate observed in this study is similar to that reported by Pepin et al. (5.3 vs. 4.3%). 6 This rate is substantially lower than previous estimates of up to 25% maternal mortality, 1 which, we think, are elevated by report or ascertainment bias. Although the per-delivery mortality rate is almost 300 times as high as the pregnancy-related death rate in the general US population of 17.8 per 100,000 live births, 21 our survival analysis suggests that pregnancy in women with vEDS does not significantly affect overall survival as compared with that of nulliparous women with vEDS. Although pregnancy avoidance can prevent the risk of pregnancy-specific complications such as uterine rupture, almost all deaths that occurred in relation to pregnancy were the result of arterial dissection or rupture, just as they are in nonpregnant women and in men. 13 There are several limitations to this study that we think are not sufficient to undermine the basic conclusion that pregnancy does not alter the survival of affected women beyond the underlying effects of the disorder. First, because ascertainment was through a clinical diagnostic laboratory, we have identified only individuals in which an event brought the family to medical attention. Second, we included women as affected if they had a biochemical or genetic diagnosis or a confirmed family diagnosis and a history of complications consistent with the diagnosis. We did not include female relatives without a confirmed diagnosis or compatible complications. Third, it is possible that the nulliparous women with vEDS could have a disproportionate burden of early-onset or severe complications that led to advice not to pursue pregnancy. There was a slight excess of women with null mutations in the pregnancy group, and this type of mutation is known to lead to an attenuated phenotype. 22 When we conducted the analysis with this group excluded, the curves remained similar. The nature of the underlying mutations has an effect on overall complication rate and survival. 13 There was, however, no difference in the distribution of mutation types between the two groups. Finally, there was a difference in the age distribution between the two groups, with the nulliparous Original research article group clustering in the younger age groups. This reflects the distribution of ages in the US population between women who have been pregnant and those who have not. In addition, analysis of only relatives ascertained primarily due to family history showed no significant difference in survival when compared by parity. Although these limitations are important to consider, it is not clear that any of these variables substantially alters the conclusion that pregnancy per se does not alter survival.
In our interview study, we characterized pregnancy-related morbidity and tried to determine whether the mode or timing of delivery affects outcome. Most women and their clinicians were not aware of the diagnosis of vEDS before pregnancy (>85% of pregnancies in the group were completed before the genetic diagnosis). Thus, the complication rates we found largely reflect pregnancy-related risks when management is not influenced by awareness of the mother's diagnosis. In this study, almost half of deliveries (vaginal and cesarean) were uncomplicated when managed routinely. We could not be sure whether the mode of delivery affected overall survival because the number of pregnancy-related deaths was too small to allow us to reach a conclusion. The mode of delivery is, however, associated with different morbidity burdens in that the rate of thirdor fourth-degree lacerations (20%)-a complication solely of vaginal delivery-is close to 10 times the expected rate. 23 In our interview study, most life-threatening complications occurred in association with term or near-term deliveries; however, the number of these complications is too small to determine whether this represents an increase in risk late in pregnancy or whether this simply reflects the fact that most deliveries in our study occurred at term or near term. Although we had hoped that this study would allow us to reach a clear conclusion with regard to timing and mode of delivery, our data set is too small to determine whether one mode would reduce fatality or complications or both in this setting. vEDS is a rare disorder, and most clinicians will never encounter a patient in their practice. Close to half of all probands have de novo mutations in COL3A1. Although about half the deliveries in our interview group occurred without complications, knowledge of the diagnosis may facilitate the development of a more comprehensive management protocol, such as ensuring that vascular and general surgeons are on call at the time of delivery. Awareness of the magnitude of risk and the type of complications that may occur feeds the notion that management of pregnancy and delivery in a tertiary care setting is advantageous, although neither our data nor other published studies provide empirical support that this improves outcome.
We think that the data from this study are sufficient to indicate that although there is a risk of life-threatening events and serious complications during pregnancy in women with vEDS, pregnancy itself does not appear to influence longevity. This is a substantial departure from the common view of pregnancy in women with vEDS. Considering this, we suggest that geneticists and obstetricians reconsider previous recommendations in the literature that pregnancy should be actively discouraged in women with vEDS or that termination of pregnancy should be recommended based purely on the woman's genetic diagnosis. For women who wish to carry a pregnancy, preconception consultations (i) with a maternal-fetal specialist to discuss pregnancy and delivery management and (ii) with a geneticist to discuss reproductive options are appropriate. In sum, we recommend that the care team and family formulate a pregnancy management plan that takes into consideration the empirical risk information available, the woman's past medical history and previous complications, and the available health-care resources, including the obstetrician's experience and expertise.
It is clear that further research is needed to investigate whether the mode of delivery or its timing influences the risk of life-threatening complications. We suggest that a multicenter, international study be initiated to answer the remaining pregnancy-related concerns in the context of a wider study of natural history. This could include collaboration between extant clinical centers and academic and commercial testing laboratories to identify families and to review medical histories and records in a comprehensive fashion. Coordination with national peer group organizations could be an important additional recruitment step in this process.
